Recently, we have confirmed that, as in the hand and foot of the monkey (Koch, 1939 ; Nishi, 1943) , the arterial supply of the human deep metacarpus is composed of two layers ; the superficial layer on the palmar surfaces of the interosseous muscles and the deep layer within the muscles (Murakami, 1969) . In that study, we pointed out that both layers can be classified into two kinds of arteries, one descending along the boundary of the interosseous muscles over the metacarpal bone (superficial and deep palmar metacarpal arteries), and the other descending along the boundary of the muscles in the intermetacarpal space (superficial and deep intermetacarpal arteries). In the human foot, on the other hand, the so-called plantar metatarsal arteries are occasionally found deep to the plantar surfaces of the interosseous muscles in addition to their usual positions on the plantar surfaces of the muscles (Pernkopf, 1943) . And they are sometimes described as lying in the intermetatarsal spaces (Baum, 1904), or sometimes descending along the metatarsal bones (Edwards, 1960) . These circumstances suggest the existence in the human of deep planta of the two arterial layers and of the two kinds of descending arteries. There are, however, but few studies on the courses and positions of the deep plantar arteries, especially of the so-called plantar metatarsal arteries.
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Therefore the question still remains unresolved.
Material and Methods
Forty feet of Japanese adult cadavers, which were left undissected in the dissecting room and the arteries of which were well demonstrated * The principal results of this study were read before the 23rd Annual Meeti ng of the Chugoku-Shikoku Association of Anatomists (Murakami, 1969) .
by injection of lead oxide suspension through the femoral artery, were used. The macroscopic dissection was done carefully by sketching the findings at the progressive stages of the dissection.
The proximal bellies of the interosseous muscles were almost invariably fused and blended with each other in the intermetatarsal spaces and also over the metatarsal bones. In such cases, we determined the boundaries of the muscles by tracing them from the distal part, although distinct determination was not always possible.
Findings and Considerations I. General patterns of the arteries communicating with the deep metatarsal arteries
The medial plantar artery, after it has passed between the common tendon of the flexor digitorum longus muscle and the flexor digitorum brevis muscle, divides into the superficial and deep branches.
The superficial branch runs laterally and distally between the plantar aponeurosis and the flexor tendons of the toes, on its way giving off the medial marginal plantar artery (A. plantaris superficialis tibialis, Adachi, 1928 ) that descends along the boundary of the flexor hallucis brevis and the abductor hallucis muscles.
The deep branch (R. profundus, Adachi, 1928) creeps between the origin of the flexor hallucis brevis muscle and the abductor hallucis muscle, its medial branch descending on the medial-plantar surface of the first metatarsal bone to join the so-called plantar metatarsal artery of the first toe and its lateral branch running along the distal border of the origin of the flexor pollicis brevis muscle and dorsal to the tendon of the peroneus longus muscle to anastomose with the deep plantar arch.
The lateral plantar artery divides into the superficial and deep branches proximal to the fifth tarsometatarsal joint. The superficial branch runs medially and distally between the plantar aponeurosis and the flexor tendons of the toes. The deep branch, after it has given off a branch passing between the abductor digiti minimi muscle and the cuboid bone, curves medially near the tarsometatarsal joints and runs toward the proximal part of the first intermetatarsal space. Its first branch is the lateral marginal plantar artery descending along the boundary of the abductor digiti minimi and the flexor digiti minimi brevis muscles.
The superficial plantar arch is formed by the anastomosis of the superficial branch of the medial plantar artery with the superficial branch of the lateral plantar artery.
If a very faint anastomosis or connection is taken into consideration, this arch formation is constant.
From this arch arise the common plantar digital arteries each of which descends toward the first, the second, the third and the fourth interdigital spaces respectively.
These common plantar digital arteries are always poorly developed and only extend as far distal as the metatarsophalangeal joints, where they anastomose on the sides of the lumbrical muscles with the digital branches of the so-called plantar metatarsal arteries.
The common plantar digital arteries to the medial three interdigital spaces are usually supplied by the medial plantar artery.
The dorsalis pedis artery gives off the lateral and medial tarsal arteries as it crosses the navicular bone. The lateral tarsal artery passes laterally and distally under cover of the extensor digitorum brevis muscle and finally anastomoses with a branch of the lateral plantar artery on the lateral side of the cuboid bone, on its way to the lateral border of the foot giving off faint and inconsistent branches toward the lateral three intermetatarsal spaces by way of the dorsal tarsal rete.
The medial tarsal artery ramifies into two or more branches on the medial border of the foot, one of them anastomosing with a branch of the medial plantar artery (more strictly, with a branch of its medial branch) on the medial side of the base of the first metatarsal bone. The main stem of the dorsalis pedis artery descends to the proximal end of the first intermetatarsal space, where it turns as the deep plantar branch (the first proximal perforating branch) into the sole between the heads of the first dorsal interosseous muscle. Just proximal to where the dorsalis pedis artery pierces the muscle, it gives off the first dorsal metatarsal artery on the back of the first dorsal interosseous muscle and the arcuate artery which passes laterally over the bases of the metatarsal bones deep to the extensor tendons of the toes. The'arcuate artery is usually poorly developed and connects with the second proximal perforating branch of the second dorsal metatarsal artery.
The dorsal metatarsal arteries, except in the first intermetatarsal space, arise in most cases from the proximal perforating branches or rarely from the arcuate artery or the lateral tarsal artery. They descend on the dorsal surfaces of the dorsal interosseous muscles as far as the necks of the metatarsal bones, where they send anastomosing branches which join the adjacent distal perforating branches. Then, . they give off the proper dorsal digital arteries on the contiguous sides of the toes and turn plantarly as Aa. intercapitulares of some authors to join the proper plantar digital arteries on the contiguous sides. The so-called first dorsal metatarsal artery will be mentioned in a later section.
The proper plantar digital arteries lie on the plantar sides of the toes, accompanying the proper plantar digital nerves, and offer a far more important blood supply to the toes than the proper dorsal digital arteries. They, except on the sides of the first toe and the medial side of the second toe where the main contribution comes frequently from the so-called first dorsal metatarsal artery, receive the main sources from the deep plantar arch by way of the so-called plantar metatarsal arteries. As mentioned above, the common plantar digital arteries are pooly developed and are not important for supplying the toes. The proper dorsal digital arteries descend along the dorsal sides of the toes together with the proper dorsal digital nerves. They are supplied normally by the dorsal metatarsal arteries or rarely by the distal perforating branches, and usually reach the tips of the toes.
II. The deep plantar arteries
The deep plantar arch
In agreement with the results of previous authors, the deep plantar arch is formed, in all the feet investigated, by the direct anastomosis of the deep plantar branch of the dorsalis pedis artery with the deep branch of the lateral plantar artery. This arch lies on the plantar surfaces of the interosseous muscles together with the deep terminal branch of the lateral plantar nerve, except in one case where the arch pierces the lateral head of the first dorsal interosseous muscle. This arch is homologous in position to Pars superficialis of Arcus plantaris profundus of the monkey (Koch, 1939) .
The connections between the deep plantar arch and the dorsal metatarsal arteries (the proximal perforating branches) are always found in the proximal ends of the lateral three intermetatarsal spaces. They pierce the heads of the dorsal interosseous muscles, but to the plantar interosseous muscles they do not have any constant relationship. Besides anastomosing with the lateral branch of the deep branch of the medial plantar artery (23/40 `*) (r in Fig. 4 and 10) , the arch or its first branch (the so-called first plantar metatarsal artery) has occasional anastomosis with the superficial branch of the medial plantar artery (the first common plantar digital artery) by way of a very small branch that passes between the flexor hallucis brevis muscle and the adductor hallucis muscle distal to the tarsometatarsal joint (11/40) (y in Fig. 5 ).
Besides the deep plantar arch, another deeper arch, which corresponds to a part of Pars profunda of Arcus plantaris profundus of the monkey (Koch, 1939 ) (Catella plantaris proximalis, Nishi, 1943) , was ** Also in the present description the incidence is shown by fractional number .s found in two feet, on the plantar surface of the fourth metatarsal bone (ar in Fig. 3 ) or in the third intermetatarsal space (ar in Fig. 5 ) deep to the plantar surfaces of the interosseous muscles.
The positions and courses of the so-called plantar metatarsal arteries -As will be mentioned below , the so-called plantar metatarsal arteries comprise several arteries different in position and course. For convenience, we occasionally call them the deep metatarsal descending arteries.
And as the morphology of the muscles of the first toe differs somewhat from that of the other toe, the arteries descending along the first metatarsal bone or in the first intermetatarsal space will be mentioned in the later section. Fig. 1-8 . 1-4 (sMi-sM5): the second-the fifth superficial plantar metatarsal arteries. 5-7 (sI2-s14): the second-the fourth superficial plantar intermetatarsal arteries. [8] [9] [10] [11] The deep metatarsal descending arteries called the plantar metatarsal arteries by many authors arise directly from the deep plantar arch on the plantar surfaces of the interosseous muscles or in common trunk with the proximal perforating branches within the muscles. These arteries descend either on the plantar surfaces of the interosseous fnuscles or pass through the muscles deep to their plantar surfaces. So, as is the case with the so-called palmar metacarpal arteries (Murakami, 1969) , the so-called plantar metatarsal arteries can also be classified into two groups in relation to the plantar surfaces of the interosseous muscles. We call the group lying on the plantar surfaces the superficial branches (s) (1-7 in Fig. 1 )1 and the other group the deep branches (d) (8-14 in Fig. 1 ).
Abbreviations in
The superficial branches of the so-called plantar metatarsal arteries
The superficial branches are better developed, as a whole, than the deep branches.
They arise on the plantar surfaces of the interosseous muscles, except those which are covered partially in their proximal courses by the almost constant (38/40) accessory slips of the lateral two or three interosseous muscles arising from the lateral border of the plantar aponeurosis (4 in Fig. 3 , and 4, 7 in Fig. 4 and 5). They continue to descend on the plantar surfaces of the interosseous muscles (Fig. 3, 4 and 5). As mentioned above, the exact boundaries of the interosseous muscles are not easily determined in their proximal part. But, through careful observations in each case, we are led to the conclusion that in the proximal part the superficial branches have no constant spatial relationship to the interosseous muscles, nor to the metatarsal bones, nor to the intermetatarsal spaces. However, at a short distance from their origins they, except those with unusual oblique courses mentioned below, start to descend either along the boundaries of the interosseous muscles over the metatarsal bones or along the boundaries of the muscles in the intermetatarsal spaces. And the arteries following the former course run toward the heads of the corresponding metatarsal bones to enter the triangles bounded by the heads of the metatarsal bones and by the bellies of the interosseous muscles or the flexor digiti minimi brevis muscle, while the arteries following the latter course descend toward the corresponding interdigital spaces to reach the intermetatarsal positions proximal to the deep transverse metatarsal ligaments. So, as are the superficial branches (arteries) of the so-called palmar metacarpal arteries (Murakami, 1969) , the superficial branches of the so-called plantar metatarsal arteries, too, can be classified into the superficial plantar 'metatarsal arteries (s11/12-3M,) descending over the metatarsal bones (14 in Fig. 1 ) and the superficial plantar intermetatarsal arteries 40.2-810 lying in the intermetatarsal spaces (5-7 in Fig. 1 ) (Fig. 2) . In contrast to the lateral three metatarsal bones whose plantar surfaces are always covered by the interosseous muscles or the opponens digiti minimi and flexor digiti minimi brevis muscles, the narrow plantar surface of the whole length of the second metatarsal bone is sometimes (14/40) left uncovered by the interosseous muscles. In these feet, as in the hand, the artery descending directly on the plantar surface of the bone is called an intermediate branch (Int2). It was found in eight feet (Fig. 2) . Also in the foot, these intermediate branches are considered as sAl2, because of a distinct difference in their position from dill, which typically pierces the first dorsal interosseous muscle (8 in Fig. 5 ). In not a few cases the superficial branches run obliquely distallateralward on the plantar surfaces of the interosseous muscles , not along the boundaries of the muscles but crossing the boundaries of the muscles over the metatarsal bones or in the intermetatarsal spaces (1 , -5 in Fig. 3 ). These oblique arteries arise in the intermetatarsal spaces and run toward the distal ends of the adjacent lateral intermetatarsal spaces, or, they arise over the metatarsal bones and run toward the heads of the adjacent lateral metatarsal bones (5 in Fig. 3 ). In other cases the oblique arteries arise over the metatarsal bones and run toward the distal ends of the adjacent lateral intermetatarsal spaces, or, they arise in the intermetatarsal spaces and run toward the heads. of the adjacent lateral metatarsal bones (1 in Fig. 3 ). In the cases of these superficial branches with unusual oblique courses, our classification into the metatarsal (sM) and the intermetatarsal (sI) arteries is done only by the position and course which their longer portion takes, although a distinct discrimination can not always be made. Thus, the oblique superficial branches are found in seven out of 33 cases of sM2, in four out of 12 cases of Int2, in five out of 13 cases of sI,, in 11 out of 33 cases of sM3, in one out of 10 cases of sI3 and in two out of nine cases of 814 (in .9111, there is found no oblique course) (Fig. 2) . The oblique sM arteries, except in two cases where the oblique sM3 arises in the secor d intermetatarsal space and reaches the distal end of the third intermetatarsal space, arise in the intermetatarsal spaces and descend toward the heads of the adjacent lateral metatarsal bones to enter the triangles. In two cases the oblique sI, arises over the second metatarsal bone and descends toward the head of the third metatarsal bone to enter the triangle (5 in Fig. 3 ), and in three cases the oblique sI3 arises over the third metatarsal bone and descends toward the head of the fourth metatarsal bone to enter the triangle. The remaining oblique sI arteries arise over the metatarsal bones and descend toward the interdigital spaces to reach the distal ends of the adjacent lateral intermetatarsal spaces. We arbitrarily call such an artery the oblique Int, which descends on the plantar surface of the first dorsal interosseous muscle in the case where the plantar surface of the second metatarsal bone is left uncovered by the interosseous muscles, although the course of this oblique intermediate branch is quite the same as that of the oblique sM2.
It is interesting to note that the occurrence of the oblique superficial branches is intimately related to the types of deep plantar arch. In those cases where the superficial branches take oblique courses, the deep plantar arch receives its source almost entirely (9/40, Typus A of the deep plantar arch of Adachi, 1928) or mainly (10/40, Typus B of the arch of Adachi) from the dorsalis pedis artery, and from this arch, especially from the part of the arch that is supplied by the dorsalis pedis artery, arise the oblique superficial branches. Strictly, in proportion to the increment of the contribution of the dorsalis pedis artery to the arch ,the superficial branches are inclined to arise more medially. On the other hand, when the arch is supplied almost equally by the dorsalis pedis and the lateral plantar arteries (16/40, Typus C and D of the arch of Adachi), mainly (4/40, Typus E of the arch of Adachi) and/ or almost entirely (1/40, Typus F of the arch of Adachi) by the latter artery, the superficial branches always take either of the two normal courses (sM and sI) mentioned above, although some irregularity may occur in their origins and proximal courses (cf. 2 in Fig. 4 and 5) . The deep branches of the so-called plantar metatarsal arteries
The deep branches, unlike those of the hand, are considerably welldeveloped arteries which frequently become the main sources of the proper plantar digital arteries.
They arise from the arch on the plantar surfaces of the interosseous muscles or from the proximal perforating branches within the interosseous muscles.
Wherever they arise, they creep into the interosseous muscles immediately after they have developed, and continue to descend passing through the interosseous muscles as far distal as the distal end of the metatarsus.
In their origins and proximal courses they, except one that pierces the lateral head of the first dorsal interosseous muscles and descends along the second metatarsal bone (8 in Fig. 4 and 5), have no constant relationship to the interosseous muscles,_nor to the metatarsal bones, nor to the intermetatarsal spaces. But in their distal courses they always come to descend between the plantar and dorsal interosseous muscles, either on the plantar surfaces of the metatarsal bones or in the intermetatarsal spaces. The arteries taking the former courses enter the corresponding triangles mentioned above, passing between the origins of the interosseous muscles along the plantar surfaces of the bones to reach the proximal angles of the triangles.
The arteries taking the latter courses come to descend between the origins of the muscles along the medial surfaces of the lateral three metatarsal bones, finally to enter the triangles on their medial sides. Therefore, the deep branches, too, can be cla.ssified into two kinds of arteries in relation to the interosseous muscles and to the metatarsal bones. We call the former arteries the deep plantar metatarsal arteries (dM2-dM5) (8-11 in Fig. 1 ) and the latter ones the deep plantar intermetatarsal arteries (dI2-d14) (12-14 in Fig. 1) (Fig. 2) .
Also in the deep branches there occur some unusual oblique ones. As in the superficial branches, in proportion to the increment of the contribution of the dorsalis pedis artery to the deep plantar arch, the deep branches arise more medially and in not a few cases they pierce two or more interosseous muscles. In one instance, as shown in Fig. 4 (13), a deep branch arises over the third metatarsal bone and runs toward the head of the fourth metatarsal bone, piercing the first plantar and the third dorsal interosseous muscles and then passing between this muscle and the second plantar interosseous muscle. In another instance, a deep branch arises in the third intermetatarsal space and runs toward the head of the fourth metatarsal bone, piercing the second plantar interosseous muscle, crossing the boundary of the interosseous muscles in the third intermetatarsal space and then out of 23 cases of dill, and in six out of 27 cases of d14 (Fig. 2) . Among these unusual oblique deep branches, an interesting dill, artery is found in one foot (10 in Fig. 5 ). It arises in the second intermetatarsal space and runs transversely lateralward, by piercing the first plantar, the third dorsal and the second plantar interosseous muscles, finally to reach the plantar surface of the fourth metatarsal bone just distal to the base of the bone. On its way to the fourth metatarsal bone, it
gives off the proximal perforating branch in the third intermetatarsal space and a faint artery (not shown in the figure) corresponding to dM, on the third metatarsal bone. The course of this abnormal dM4 artery on the third metatarsal bone and in the third intermetatarsal space (ar in Fig. 5) is quite homologous to a part of Catella plantaris proximalis (Nishi, 1943) of the monkey in position and course.
The existence of the two arterial layers in the human deep metatarsus
As described above, the deep metatarsal descending arteries take more medial origin in proportion to the increment of the contribution of the dorsalis pedis artery to the deep plantar arch, and in not a few cases they take unusual oblique courses. However, the four types of arteries with normal courses can coexist in the same foot (cf. Fig. 3, 4 and 5). For example, the third superficial plantar metatarsal artery (sills) coexist together with the second superficial plantar intermetatarsal artery WO in eight feet, with d12 in nine feet, with dM3 in four feet, with 0'3 in seven feet and with d13 in 15 feet. So we can say without reservation that each of the four types of arteries is an independent artery.
And it is quite certain that, as in the human hand (Murakami, 1969) and in the hand and foot of the monkey (Koch, 1939 ; Nishi, 1943) , the arterial supply of the human deep planta is also composed of the two layers, i. e., the superficial and deep branches, though deeper arch formation corresponding to the Pars profunda of Arcus plantaris profundus (Koch, 1939) or Catella plantaris proximalis (Nishi, 1943) of the monkey is lacking except in the rare two cases mentioned above. Koch (1939) and Nishi (1943) described small arteries on the plantar surfaces of the metatarsal bones and named Aa. metatarseae (metatarsalia) plantares and Rr. metatarsei plantares respectively.
To these arteries will correspond our deep branches, especially the deep plantar metatarsal arteries (dM). It would be needless to say that our superficial branches correspond to Aa. interosseae plantares of Koch (1939) or Aa. metatarseae plantares profundae of Nishi (1943) in the foot of the monkey which descend on the plantar surfaces of the interosseous muscles. Nishi (1943) described that his Aa. metatarseae plantares profundae descend along the metatarsal bones. So our sM arteries must be homologous to those arteries of Nishi (1943) in the monkey . The existence of our sI and dl arteries have not yet been confirmed by previous authors in animals.
But in our preliminary study we have found the arteries corresponding to our dl and sI in lower mammals including some monkeys (Murakami, 1970) .
The fifth superficial plantar metatarsal artery 01110 and the lateral marginal plantar artery
Lateral to the fifth superficial plantar metatarsal artery (sMO which descends along the boundary of the third plantar interosseous muscle and the flexor digiti minimi brevis muscle, there exists sometimes another descending artery that may correspond to A. plantaris superficialis fibularis of Adachi (1928) (15 in Fig. 3 and 4) : This artery arises from the lateral plantar artery independently or in a common trunk with 834. It pierces the lateral intermuscular septum immediately after it has developed.
After it has pierced the septum, it descends along the boundary of the flexor digiti minimi brevis and the abductor digiti minimi muscles or on the thickened fascia covering the former muscle, in close association with the lateral proper plantar digital nerve of the fifth toe. This kind of artery existed in nine feet (Fig. 2) , and in six feet this artery coexisted together with sM,. This, in agreement with the finding of Nishi (1943) in the monkey and in the human neonatus, suggests that certainly there exist two descending arteries of different nature on the lateral side of the planta. We call the artery descending in close association with the digital nerve the lateral marginal plantar artery.
The deep metatarsal descending arteries at the distal end of the metatarsus As mentioned above, the superficial and deep plantar metatarsal arteries (sM and dM) and the deep plantar intermetatarsal arteries (di) enter the triangles on the necks of the metatarsal bones, and the superficial plantar metatarsal arteries (sI) reach the distal ends of the intermetatarsal spaces, although some of the unusual oblique sM and sI arteries reach the reverse positions.
Each of sM (including Int2), dM and dI arteries typically gives off two distal perforating branches passing between the metatarsal bone and the interosseous muscles on each side of the neck of the bone (2, 4, 10 in Fig. 6 ) and two faint branches descending along the sides of the toe dorsal to the deep transverse metatarsal ligaments (2 in Fig. 6 ). Then, it divides into twb terminal branches which pass between the deep transverse metatarsal ligaments and the transverse head of the adductor hallucis muscle and between the flexor tendons of the toe and lumbrical muscles on each side of the tendons finally to gain the plantar-superficial position (2, 4, 10 in Fig. 6 ). If faint vessels are taken into consideration, these six branches constantly exist. And, when two or more arteries enter the same triangle, these branches develop from the common trunk formed by the anastomosis of the arteries or from each of them.
The superficial plantar intermetatarsal arteries (sI) in the typical case divide into three branches ; one branch descends dorsal to the deep transverse metatarsal ligament, and the other two (collateral branches) anastomose with the terminal branches of sM, dM and/or dI or enter directly the adjacent triangles (5, 7 in Fig. 6 ). The former branch of sf is constant, while the latter two branches are rather inconstant. Thus, the deep metatarsal descending arteries ramify at the distal end of the metatarsus and form a complicated web, by anastomosing with each other, with the dorsal metatarsal arteries and with the common plantar digital arteries (including the marginal plantar arteries) directly or by way of their branches.
We show an ideal pattern of this complicated arterial web in Fig. 7 . In addition, it is a frequent finding that the superficial branches OM and s/) send off anastomosing branches passing between the heads of the adductor hallucis muscle to the common plantar digital arteries (a in Fig. 6 ). Adachi (1928) showed the well-developed form of these branches in his Fig. 208 , but in our materials such a well-developed form was not found. The digital branches of the deep metatarsal descending arteries and the proper plantar digital arteries
As shown in Fig. 8 , we encounter some varieties of the courses of the digital branches of the deep metatarsal descending arteries that offer the important blood supply to the toes. These phenomena can be also explained as the results of alterations that, out of the proper or anastomosing branches of the arteries, some are well-developed while others are reduced in turn (cf. Fig. 7 ). Even the unusual medial branch of slff, in Fig. 8-f we understand as follows : the proximal segment of the medial terminal branch of s1114, the collateral branches of sI3 and the distal segment of the lateral terminal branch of sM", survive as a well-developed form to convey blood to the contiguous sides of the third and the fourth toes, while the other arteries and branches are reduced or wanting in turn. Thus, the proper plantar digital arteries, the main blood supply of the toes, on the sides of the lateral three toes and on the lateral side of the second toe receive their main sources from the deep metatarsal descending arteries, except in 11 cases in the second interdigital space and in four cases in the third interdigital space where the dorsal metatarsal artery is well-developed to supply mainly the proper plantar digital arteries at least on either side, except in three cases in the fourth interdigital space where the lateral marginal plantar artery serves as the main source of the proper plantar digital arteries at least on either side, and except in four cases where the lateral marginal plantar artery becomes the main source of the lateral proper plantar digital artery of the fifth toe (cf. Fig. 2 ). In addition, in 13 cases the proper plantar digital artery on the lateral side of the fifth toe receives its main source from the medial proper plantar digital artery by way of the transverse anastomosing branch on the plantar surface of the proximal phalanx dorsal to the flexor tendons (the proximal transverse anastomosing branch of the toe).
The relation of the deep metatarsal descending arteries to the articular nerves
There is found an intimate interrelationship between the superficial plantar metatarsal arteries (sill) and the plantar articular nerves of the metatarsophalangeal joints. According to our findings based upon 35 feet, the plantar articular nerves of the lateral four metatarsophalan.geal joints always arise, as confirmed by Gardner and Gray (1968) , from' the deep terminal branch of the lateral plantar nerve (Fig.  3) . They descend along the boundaries of the interosseous muscles over the metatarsal bones to enter the triangles.
And each of them lies in-close association with the corresponding sM arteries with normal course at least on the distal half of the metatarsus, the lateral two being covered constantly by the accessory slips of the interosseous muscles together with s/W, and sit/5 arteries.
Besides the articular nerves, another small filament is found in the fourth intermetatarsal space in four feet. This nerve filament descends in close association with 8/4, and passes dorsal to UK) deep transverse metatarsal ligament to terminate only in the basal part of the toes without anastomosing with the proper digital nerves.
III.
Arteries descending along the first metatarsal bone and in the first intermetatarsal space
The proper plantar digital arteries of the sides of the first toe and the medial side of the second toe
The proper plantar digital arteries on the sides of the first toe and on the medial side of the second toe receive their main sources from the so-called first dorsal and plantar metatarsal arteries, except in one foot where the digital arteries of the first toe are supplied mainly by the medial branch of the deep branch of the medial plantar artery, and except in two feet where the medial digital artery of the first toe is supplied by the medial marginal plantar artery.
As confirmed by previous authors, between the digital arteries of the first toe there is a considerably well-developed transverse anastomosis on the plantar surface of the proximal phalanx dorsal to the flexor tendon. Usually by way of this anastomosis the medial digital artery of the first toe is mainly supplied (34/40).
• The arteries on the back of the first dorsal interosseous muscle
As illustrated by Adachi (1928) , there definitely exist two arteries on the dorsal surface of the first dorsal interosseous muscle, one descending along the second metatarsal bone (lateral branch) and the other descending along the first metatarsal bone or between the first and the second metatarsal bones (medial branch). The former artery anastomoses with the distal perforating branch on the medial side of the second toe, while the latter communicates with the distal perforating branch on the lateral side of the first toe and extends in the interdigital space over the metatarsophalangeal joints. Sometimes the latter artery is presented as two fairly independent arteries descending in the intermetatarsal space to extend over the joints and descending along the first metatarsal bone to communicate with the distal perforating branches, respectively (8/40). It would be needless to say that these two or three arteries found on the back of the first dorsal interosseous muscle are quite homologous in position to the dorsal metatarsal arteries in other intermetatarsal spaces, i.e., the arteries on the back of the first dorsal interosseous muscle are, as a whole, the true first dorsal metatarsal artery.
The deep branch of the medial plantar artery As mentioned above, the deep branch of the medial plantar artery divides into the medial and lateral branches.
The medial branch (q in Fig. 4 ) descends on the medial-plantar surface of the first metatarsal bone, and at the neck of the bone (or on the distal one-third of the bone) it communicates with the so-called first plantar metatarsal artery (Fig.  3, 4 and 5). It exists constantly and, when highly developed, as mentioned above and as confirmed by previous authors, it can supply the proper plantar digital arteries at the expense of the terminal branches of the so-called first plantar metatarsal artery.
The so-called first plantar and dorsal metatarsal arteries
The arteries, which arise in the first intermetatarsal space and descend in this space or on the plantar aspect of the first metatarsal bone, are commonly classified into two arteries, i. e., the first dorsal metatarsal and the first plantar metatarsal arteries. However, because of considerable variations of their proximal courses, there still remain some ambiguities.
We, for convenience, call the largest artery passing dorsally between the heads of the first and the second metatarsal bones the dorsal artery (a in Fig. 9 and d in Fig. 10) , and the largest artery reaching the plantar surface of the neck of the first metatarsal bone the plantar artery (b in Fig. 9 and c in Fig. 10 ), without taking their origins and proximal courses into consideration.
As described above, the true first dorsal metatarsal artery descends on the dorsal surface of the first dorsal interosseous muscle and extends over the metatarsophalangeal joints. Accordingly, the dorsal artery is nothing but the distal segment of the true first dorsal metatarsal artery (more strictly, the medial branch). But it is rather rare that the dorsal artery receives its main source from the proximal segment of the true first dorsal metatarsal artery.
The dorsal artery is supplied more frequently by the artery passing plantar to the first dorsal interosseous muscle or piercing the muscle. The plantar artery is almost always supplied by the artery passing plantar to the first dorsal interosseous muscle, except in rare cases where the plantar artery receives its main source from the true first dorsal metatarsal artery. Thus, we found eight types as to the origins and proximal courses of the dorsal and plantar arteries, as seen in Fig. 9 .
Type Ia : The dorsal and plantar arteries arise proximal to the insertion of the adductor hallucis muscle from the common trunk that descends deep to the first dorsal interosseous muscle and on the plantar aspect of the first metatarsal bone (2/40).
Type Ib : The dorsal and plantar arteries arise proximal to the insertion of the adductor hallucis muscle from the common trunk that descends close to the plantar surface of the first dorsal interosseous muscle (2/40).
Type Ic The dorsal and plantar arteries arise proximal to the distal border of the origin of the first dorsal interosseous muscle from the short common trunk that lies deep to the muscle (5/40).
Type Id : The dorsal and plantar arteries arise distal to the origin of the first dorsal interosseous muscle from the common trunk that descends along the medial side of the first metatarsal bone (10/40).
Type II : The dorsal and plantar arteries arise independently, the dorsal artery passing dorsal to the first dorsal interosseous muscle while the plantar , artery descending deep to the muscle and on the plantar aspect of the first metatarsal bone (10/40).
Type III : The dorsal and plantar arteries arise independently, the dorsal artery descending close to the plantar surface of the first dorsal interosseous muscle while the plantar artery descending deep to the muscle and on the plantar aspect of the first metatarsal bone (7/40). (A case of highly developed medial branch of the deep branch of the medial plantar artery mentioned above was found in one of this type.)
Type IV : The dorsal and plantar arteries arise independently, the dorsal artery descending by piercing the first dorsal interosseous muscle while the plantar artery descending deep to the muscle and on the plantar aspect of the first metatarsal bone (3/40).
Type V: The dorsal and plantar arteries arise proximal to the insertion of the adductor hallucis muscle from the common trunk that descends on the dorsal surface of the first dorsal interosseous muscle (1/40).
Besides these main arteries, other distinct arteries were found . In four cases of type II, in three cases of type III and in one case of type IV there can be observed an anastomosis between the dorsal and plantar arteries on the lateral side of the neck of the first metatarsal bone (i.e., the lateral distal perforating branch of the first toe). In one case of type Ia, in three cases of type Ic, in four cases of type Id and in four cases of type III the dorsal artery receives between the origin of the dorsal interosseous muscle and the insertion of the adductor hallucis muscle another artery that descends on the dorsal surface of the first dorsal interosseous muscle either along the first metatarsal bone or in the intermetatarsal space (i.e., the proximal segment of the true first dorsal metatarsal artery).
In type V an artery of somewhat well-developed caliber arises from the deep plantar arch (Type F of the arch of Adachi, 1928) and descends on the plantar aspect of the first metatarsal bone to join the plantar artery at the neck of the bone. Further, in two cases of type II, in five cases of type III and in one case of type IV there occurs a marked artery that arises from the plantar artery just distal to the origin of the first dorsal interosseous muscle and descends along the lateral side of the first metatarsal bone to anastomose with the distal perforating branch or to terminate near the metatarsophalangeal joint (b in Fig. 10 ). El : the long extensor tendon of the AF and P: see abbreviations in Fig. 9 . first toe. D : the first dorsal interosseous musEb : the short extensor tendon of the de_ • first toe. F : the medial head of the flexor hal-B : the bursa intervened between the lucis brevis muscle.
heads of the first and the second Fp : the long flexor tendon of the first metatarsal bones.
Digital branches of the so-called first dorsal and plantar metatarsal arteries Also in this section, we call the largest artery passing dorsally between the heads of the first and the second metatarsal bones the dorsal artery, and the largest artery reaching the plantar surface of the neck of the first metatarsal bone the plantar artery .
On the plantar surface of the first ,metatarsal bone (on the distal one-third of the bone) the plantar artery receives the medial branch of the deep branch of the medial plantar artery and gives off the media] distal perforating branch which passes between the bons a:ri el th medial head of the flexor hallucis brevis muscle finally to become the proper dorsal digital artery on the medial side of the first toe. Then, the plantar artery divides into two terminal branches between the insertions of the flexor hallucis brevis muscle and dorsal to the long flexor tendon of the first toe. The medial terminal branch descends along the medial-plantar side of the toe, receiving the medial marginal plantar artery near the metatarsophalangeal joint. The lateral terminal branch, usually more developed than the medial one, descends between the flexor tendon sheath of the first toe and the first lumbrical muscle finally to divide into .the proper plantar digital arteries on the contiguous sides of the first and the second toes. Near the metatarsophalangeal joint the lateral terminal branch receives a branch of the first common plantar digital artery and gives off a branch descending very close to the tendon sheath sometimes to join the proper plantar digital artery of the lateral side of the first toe.
The dorsal artery passes through the cleft between the heads of the first and the second metatarsal bones dorsal to the marked bursa intervened between the heads of the bones. In the cleft it gives off the proper dorsal digital arteries on the contiguous sides of the first and the second toes, and then turns plantarly as A. intercapitularis of some authors (or as the distal perforating branch of others) to divide and to join the proper plantar digital arteries derived from the lateral terminal branch of the plantar artery.
Thus, in the interdigital space there is formed an arterial circle to supply the toes (Fig. 4) . Also in the first interdigital space we show an ideal pattern of arteries (Fig. 11 ). The contributions of the dorsal and plantar arteries to the proper plantar digital arteries vary in each case. In twenty one cases (two cases of type Ib, six cases of type Id, six cases of type II, four cases of type III, two cases of type IV and one case of type V) the proper plantar digital arteries on the contiguous sides of the first and the second toes are supplied mainly by the dorsal artery.
While in eight cases (one case of type Ia, one case of type Ic, two cases of type Id, two cases of type II and one case of type III) including one case where the lateral terminal branch is supplied mainly by the highly developed medial branch of the deep branch of the medial plantar artery (one case of type III) the proper plantar digital arteries on the contiguous sides of the first and the second toes are supplied mainly by the plantar artery.
In the remaining cases the proper plantar digital artery on the lateral side of the first toe receives its main source from the plantar artery, while the proper plantar digital artery on the medial side of the second toe from the dorsal artery.
Only in four cases including the case with highly developed medial branch of the deep branch of the medial plantar artery, the medial terminal branch of the plantar artery is well-developed, becoming the main source of the medial proper plantar digital artery of the first toe. As mentioned above, the medial proper plantar digital artery of the first toe is supplied mainly by the lateral proper plantar digital artery of the toe by way of the proximal transverse anastomosing branch.
Classification of the arteries descending in the deep medial metatarsus
As the morphology of the muscles of the first toe differs somewhat from that of the other toes, our classification of arteries in the deep metatarsus might not be applied entirely in the first intermetatarsal space. However, also in this space there exactly occur three deep metatarsal descending arteries, as described above and shown in Fig.  10 (b, c, d ). We consider this pattern as fundamental and would like to interpret these arteries as follows.
1) The artery descending close to the plantar surface of the first dorsal interosseous muscle (d in Fig. 10 ) is the first superficial plantar intermetatarsal artery (sIr). This artery is nothing but the dorsal artery in type III and may constitute the common trunk of the dorsal and plantar arteries in type Ib (Fig. 9) .
2) The artery descending along the lateral side of the first metatarsal bone (b in Fig. 10 ) is the first deep plantar intermetatarsal artery (dI1). It may constitute the dorsal artery in type Ic and Id (Fig. 9) .
3) The artery descending on the plantar aspect of the first metatarsal bone (c in Fig. 10 ) is the first deep plantar metatarsal artery (dM1). This artery is in itself the plantar artery in type III and may constitute the common trunk of the dorsal and plantar arteries in type Ia and the plantar artery in type Ic, Id, II and IV (Fig. 9) .
As for the first superficial plantar metatarsal artery (sM), it is expected to lie dorsal to the long flexor tendon of the first toe, as its existence was confirmed in the foot of the monkey (Hylobates) by Nishi (1943) . Actually, in four out of the 40 feet a very faint artery arises from the medial marginal plantar artery near the tarsometatarsal joint and courses dorsal to the tendon to reach the triangle bounded by the insertions of the heads of the flexor hallucis brevis muscle and by the head of the first metatarsal bone (v in Fig. 5 ). This artery descends together with the plantar articular nerve of the first metatarsophalangeal joint which arises from the proper plantar digital nerve to the medial side of the first toe or from the common plantar digital nerve to the contiguous sides of the first and the second toes.
